Introduction
============

Life expectancy in most developed countries has increased continuously over recent decades. More people survive to old age, and people in old age live longer.[@ckz065-B1]^,^[@ckz065-B2] Because, in general, aging is accompanied by an increasing risk of physical, mental and cognitive decline, an increased number of older adults may put pressure on our health care and welfare systems.[@ckz065-B3] Monitoring of trends in health and functioning of older adults at the population level provides indispensable information for health care policy, as they reflect the challenges and results of long-term policy.[@ckz065-B4]^,^[@ckz065-B5] Trend studies may help to verify policymakers' assumptions about developments in health and functioning of older adults, and provide information that could be used by policymakers for projections regarding future health care use.[@ckz065-B4]

The improvement in life expectancy may be attributed to better life course conditions of subsequent generations, as well as to substantial improvements in medical care and advances in diagnostic tools over time.[@ckz065-B6] For instance, previous studies have shown that educational attainment and concomitant social status have increased in subsequent generations.[@ckz065-B6]^,^[@ckz065-B7] Furthermore, more recent generations of older adults have been exposed less to unfavorable conditions,[@ckz065-B6] such as infectious diseases in childhood[@ckz065-B8] and smoking in adulthood.[@ckz065-B9] In addition, improvements in medical care and better diagnostic tools enable earlier diagnosis and better treatments of diseases.[@ckz065-B6]^,^[@ckz065-B10]

It is not self-evident that the increase in life expectancy is accompanied by positive developments in health and functioning among older adults. Previous research in older adults mainly focused on trends in multimorbidity and functional limitations over time and showed mixed results.[@ckz065-B11] For instance, a study by Lafortune and Balestat including data from 12 Organization for Economic Cooperation and Development countries showed that the prevalence of severe disability is rising in some countries and falling in others, with no clear overall trend.[@ckz065-B13] Previous research on trends in other indicators of functioning among older adults, such as depression,[@ckz065-B15]^,^[@ckz065-B16] anxiety,[@ckz065-B15]^,^[@ckz065-B17] cognitive impairment,[@ckz065-B18]^,^[@ckz065-B19] physical inactivity,[@ckz065-B20]^,^[@ckz065-B21] loneliness[@ckz065-B22]^,^[@ckz065-B23] and social isolation[@ckz065-B24]^,^[@ckz065-B25] also revealed mixed results. It has been suggested that the inconsistencies in the findings across studies could be explained by differences in policy across countries as well as by methodological differences, such as differences in age groups, sampling frames, definitions of outcome measures and methods of data collection.[@ckz065-B14] In particular, research on trends in indicators of social functioning is limited. However, it is important to examine trends in these indicators as they could compensate for negative trends in other indicators.[@ckz065-B26]

Most studies on trends in functioning of older adults have focused on specific indicators, studied one at a time.[@ckz065-B19] However, problems in functioning are often interrelated and exist simultaneously in old age. In particular, the accumulation of problems across different domains of functioning increases the demand for curative and long-term care among older adults.[@ckz065-B19] Policymakers should particularly have the vulnerable older adults with multiple problems on their radar. This requires information about trends in multiple indicators of functioning among older adults assessed simultaneously over time.

This study extends previous research by examining time trends in multiple indicators of functioning, including problems in physical, cognitive, mental and social functioning, among 64--84-years-olds as well as among 85--94-years-olds in the Netherlands. It is hypothesized that the prevalence of the individual indicators of functioning decreased over time in both age groups due to the fact that subsequent generations of older adults have been exposed to better life course conditions and medical care.[@ckz065-B6]^,^[@ckz065-B10] For this reason, it is also expected that the prevalence of the absence of problems increased over time as many people will reach old age in good health and the onset of health problems is delayed until a higher age. In particular, it is expected that this increase will be most visible in 64--84-years-olds. In addition, it is hypothesized that the prevalence of 'multiple problems' increased over time due to increases in life expectancy and concomitant aging of the population, which is related to multiple problems in functioning.[@ckz065-B3]^,^[@ckz065-B19] It is expected that this increase will be most visible in 85--94-years-olds.

Methods
=======

Design and study sample
-----------------------

Data from the Longitudinal Aging Study Amsterdam (LASA) were used in this study. The Longitudinal Aging Study Amsterdam is an ongoing, prospective cohort study in the Netherlands on the determinants, trajectories and consequences of physical, cognitive, emotional and social functioning in older adults.[@ckz065-B27]^,^[@ckz065-B28] Sampling, response and procedures are described in detail elsewhere.[@ckz065-B28] In summary, a random sample of older men and women (55--85 years), stratified by age and sex, was drawn from the population registries of eleven municipalities across three culturally distinct regions in the Netherlands, thereby representing variation in religious background and urbanicity. The baseline data collection was conducted in 1992/93 and the baseline sample included 3107 respondents. Since then, follow-up measurements have been conducted approximately every 3 years. Additional respondents (*n* = 1002; 55--64 years) were recruited from the same sampling frame in 2002/03. Data were collected in main face-to-face, computer assisted interviews. In addition, respondents were asked to participate in a medical interview, entailing a separate visit to administer clinical measurements and ask additional questions. The LASA study has been approved by the Ethical Review Board of the VU University medical center.

For this study, data from 64 to 84 years olds were used, including data from Wave 1992/93, Wave 1995/96, Wave 1998/99, Wave 2001/02, Wave 2005/06, Wave 2008/09 and Wave 2011/12. In addition, data from 85 to 94 years old were used, including data from Wave 2001/02 to Wave 2011/12. In LASA, Wave 2001/02 is the first measurement wave at which data were available for the full age range of 85--94-years-olds. At each wave, observations from 'new' respondents (i.e. those who turned 64 or 85 years old) were included in the analyses. A total of 10 870 observations of 3803 respondents aged 64--84 years across seven waves were included. Furthermore, a total of 931 observations of 603 respondents aged 85--94 years across four waves were included in this study. For some 64--84-years-olds (*n* = 70) and 85--94-years-olds (*n* = 135), the data on multimorbidity, severe functional limitations and depression were collected using telephone interviews with respondents or proxies, because these were unable to complete a face-to-face interview. In the telephone interviews, data on multimorbidity, severe functional limitations and depression were assessed in the same way as in the main face-to-face interview. In the telephone interviews, data on cognitive impairment and loneliness were assessed using abbreviated questionnaires and could therefore not be included in the analyses. Data on anxiety, physical inactivity and social isolation were not collected in the telephone interviews.

Indicators of functioning
-------------------------

The number of chronic diseases was measured through self-reports of the following nine chronic diseases that lasted for at least 3 months, or diseases for which the participants had been treated or monitored by a physician: chronic nonspecific lung disease, cardiovascular diseases, peripheral artery diseases, diabetes mellitus, stroke, arthritis, cancer, hypertension and one other disease. Multimorbidity was defined as present when participants had two or more chronic diseases.[@ckz065-B29]

Functional limitations were assessed as the self-reported degree of difficulty or need of help with performing the following activities of daily living: climbing stairs, walking 5 min outdoors without resting, getting up and sitting down in a chair, dressing and undressing oneself, using own or public transportation and cutting one's own toenails.[@ckz065-B30] Severe functional limitations were considered as present when participants indicated that they could not perform at least one of these activities at all or without help.

Depressive symptoms were measured using the Center for Epidemiologic Studies Depression Scale (CES-D).[@ckz065-B31] The CES-D is a 20-item self-report scale ranging from 0 to 60. A clinically relevant level of depressive symptoms was defined as present when participants had a CES-D score of 16 or higher.[@ckz065-B31]

Anxiety symptoms were examined by the Hospital Anxiety and Depression Scale---Anxiety scale (HADS-A).[@ckz065-B32] The HADS-A is a seven-item self-report questionnaire. The scale ranges from 0 to 21. Anxiety was considered as present when participants had a HADS-A score of 8 or higher.[@ckz065-B33]

General cognitive functioning was measured using the Mini-Mental State Examination (MMSE).[@ckz065-B34]^,^[@ckz065-B35] The MMSE is a 23-item global cognitive function test. The MMSE score ranges from 0 to 30. Cognitive impairment was defined as present when participants had a MMSE-score of 23 or lower.[@ckz065-B35]

Physical activity was measured using the LASA Physical Activity Questionnaire (LAPAQ).[@ckz065-B36] The LAPAQ covers frequency and duration of various activities during the previous 2 weeks. Activities include walking outside, cycling, gardening, light and heavy household work and a maximum of two sports. According to the physical activity recommendations of the World Health Organization, older adults should do at least 150 min of moderate intensity aerobic physical activity or at least 75 min of vigorous intensity aerobic physical activity throughout the week or an equivalent combination of moderate and vigorous intensity activity.[@ckz065-B37] A physically inactive lifestyle was considered as present when participants spent less than 150 min/week on moderate to vigorous physical activities (i.e. walking outside, cycling, heavy household work and sports).

Loneliness was assessed using the De Jong-Gierveld Loneliness Scale.[@ckz065-B38] This scale ranges from 0 to 11. Loneliness was considered as present when participants had a score of 3 or higher.[@ckz065-B38]

Social isolation was defined as present when participants indicated that they had no daily contact with anyone from their personal social network. Participants who live together with a partner or someone else were considered as not socially isolated.

Sum score measures
------------------

At each wave, a sum score (range: 0--8) of the 8 indicators of functioning was calculated. Absence of problems was defined as present when participants had a sum score of 0. 'Multiple problems' were considered as present when participants had a sum score of 5 or higher. By using the cut-off point of 5, we selected participants with problems on the majority of indicators and with problems in multiple domains of functioning (i.e. covering physical, cognitive, mental and social functioning).

Time indicator
--------------

For the trend analyses in the 64--84-years-olds, a time indicator was constructed, representing the time in years between the first and subsequent waves from 1992/93. For the trend analyses in the 85--94-years-olds, a second time indicator was constructed, representing the time in years between the first and subsequent waves from 2001/02.

Covariates
----------

Age in years and sex (0 = men, 1 = women) were included as covariates in the analyses. In addition, the highest educational level attained in years (range: 5--18 years) was included as covariate in the analyses to examine to what extent an increased level of education has contributed to the observed trends.

Statistical analyses
--------------------

At all waves, the prevalence of each individual indicator and sum score measure was assessed. To adjust for differences in the distributions of age and sex across the various waves, the data on each indicator and sum score measure were weighted to the age and sex distribution of the mid-wave of the observation period (i.e. 64--84-years-olds: Wave 2001/02; 85--94-years-olds: Wave 2008/09). Weights were calculated per sex and 5-year age category.

Generalized Estimating Equations (GEEs) modeling was used to assess whether the observed trends in each individual indicator and the observed trends in the sum score measures were statistically significant over time. For the analyses regarding the sum score measures, only participants with full data on the indicators were included. In all GEE-analyses, a six-dependent (64--84-years-olds) and a three-dependent (85--94-years-olds) correlation structure were used to account for the dependency of repeated observations within participants. The unstandardized regression coefficients that were obtained from the GEE-analyses show the average annual change in the continuous sum score measure. In cases where the outcome measure was binary we used the logit link function. The odds ratios that were obtained from the GEE-analyses show the average annual change in prevalence of the various indicators of functioning.

To examine whether the trends differed between men and women in both age groups, an interaction term between sex and time was added to the fully adjusted model. The interaction term was considered as statistically significant at a *P* values below 0.10.[@ckz065-B39] If the interaction term was statistically significant, stratified analyses were conducted and results were presented for men and women separately. All trend-analyses were adjusted for age and sex (Model 1) and additionally adjusted for educational level (Model 2). The sex-stratified analyses were adjusted for age (Model 1) and additionally adjusted for educational level (Model 2).

Pre-planned sensitivity analyses were conducted to examine trends in multimorbidity, severe functional limitations and depression among 64--84 and 85--94-years-olds, while excluding those of which data were collected using telephone interviews.

Level of significance was set to *α* = 5.0%. All analyses were performed in IBM SPSS Statistics (Version 22.0; IBM Corp, Armonk, New York, USA).

Results
=======

Characteristics of 64--84-years-olds
------------------------------------

The characteristics of the 64--84-years-olds at each wave are presented in [table 1](#ckz065-T1){ref-type="table"}. Across all observations, the average age was 73.9 (SD = 6.0) years, the average proportion of women was 54.5%, and the average level of education attained in years was 9.2 (SD = 3.4). The weighted prevalence of the 8 indicators of functioning and the sum score measures among 64--84-years-olds at each wave are also presented in [table 1](#ckz065-T1){ref-type="table"}. The estimated prevalence of the individual indicators of functioning and the sum score measures among 64--84-years-olds, adjusted for age and sex, are graphically presented in [Supplementary file S1](#sup1){ref-type="supplementary-material"}.

###### 

Characteristics of the 64--84-years-olds and the weighted prevalence of the eight indicators of functioning and sum score measures among this group at each measurement wave[^a^](#tblfn2){ref-type="table-fn"}^,^[^b^](#tblfn3){ref-type="table-fn"}^,^[^c^](#tblfn4){ref-type="table-fn"}^,^[^d^](#tblfn5){ref-type="table-fn"}

                                                  Measurement waves                                                                   
  ---------------------------------------------- ------------------- ------------ ------------ ------------ ------------ ------------ ------------
  Characteristics                                                                                                                     
      Age in years \[mean (SD)\]                     74.9 (6.1)       74.2 (6.1)   73.9 (6.1)   73.6 (5.7)   73.2 (6.0)   73.4 (6.0)   73.3 (5.9)
      Sex (female) (%)                                  51.1             53.1         55.6         56.6         55.9         55.6         55.8
      Educational level in years \[mean (SD)\]        8.5 (3.3)       8.8 (3.3)    9.0 (3.2)    9.2 (3.2)    9.6 (3.3)    9.9 (3.4)    10.2 (3.4)
  Indicators of functioning                                                                                                           
      Multimorbidity (%)                                43.6             52.2         58.3         58.9         62.3         64.4         67.8
      Severe functional limitations (%)                 31.0             30.4         27.4         25.7         27.6         25.2         24.6
      Depression (%)                                    15.8             15.1         16.6         15.6         15.6         12.5         13.1
      Anxiety (%)                                        9.1             8.9          9.9          8.8          10.0         8.7          8.9
      Cognitive impairment (%)                          12.4             11.0         8.1          7.7          7.4          5.7          4.6
      Physical inactivity (%)                           33.8             35.5         32.7         31.3         31.6         29.0         26.8
      Loneliness (%)                                    33.9             35.4         35.3         33.3         30.3         29.2         28.5
      Social isolation (%)                              15.3             14.9         15.5         15.4         13.0         14.0         14.6
  Sum score measures                                                                                                                  
      Sum score (0--8) \[mean (SD)\]                  1.8 (1.7)       2.0 (1.6)    2.0 (1.6)    1.9 (1.5)    1.9 (1.5)    1.8 (1.5)    1.8 (1.5)
      Absence of problems (%)                           25.0             19.1         17.7         17.8         19.7         19.5         17.7
      Multiple problems (%)                              8.5             9.2          8.3          7.1          7.1          6.9          5.4

*n*, number of observations; SD, standard deviation.

Means and standard deviations are presented for normally distributed continuous variables. Frequencies and proportions are presented for categorical variables.

The total number of 64--84-years-olds is 3803. In this group, the total number of observations is 10 870. The number of observations may vary for some indicators, because of missing values.

For the analyses regarding the sum score measures, only 64--84-years-olds (*n*~participants~ = 3539, *n*~observations~ = 9264) with full data on the indicators were included.

The prevalence of the indicators is weighted to the age and sex distribution at wave 2001/02.

Characteristics of 85--94-years-olds
------------------------------------

The characteristics of the 85--94-years-olds at each wave are presented in [table 2](#ckz065-T2){ref-type="table"}. Across all observations, the average age was 88.9 (SD = 2.7) years, the average proportion of women was 63.7%, and the average level of education attained in years was 8.7 (SD = 3.3). The weighted prevalence of the 8 indicators of functioning and the sum score measures among 85--94-years-olds at each wave are also presented in [table 2](#ckz065-T2){ref-type="table"}. The estimated prevalence of the individual indicators of functioning and the sum score measures among 85--94-years-olds, adjusted for age and sex, are graphically presented in [Supplementary file S1](#sup1){ref-type="supplementary-material"}.

###### 

Characteristics of the 85--94-years-olds and the weighted prevalence of the eight indicators of functioning and sum score measures among this group at each measurement wave[^a^](#tblfn7){ref-type="table-fn"}^,b,c,d^

                                                  Measurement waves                          
  ---------------------------------------------- ------------------- ----------- ----------- -----------
  Characteristics                                                                            
   Age in years \[mean (SD)\]                           88.8            89.0        89.2        88.7
  (2.6)                                                 (2.7)           (2.9)       (2.7)    
      Sex (female) (%)                                  62.0            62.8        65.2        65.8
      Educational level in years \[mean (SD)\]        8.4 (3.5)       8.7 (3.3)   8.8 (3.1)   9.1 (2.9)
  Indicators of functioning                                                                  
      Multimorbidity (%)                                70.1            68.0        76.1        76.3
      Severe functional limitations (%)                 73.8            75.9        80.9        78.6
      Depression (%)                                    26.5            21.2        25.0        20.4
      Anxiety (%)                                       12.9            10.1         7.2         9.6
      Cognitive impairment (%)                          33.5            28.6        27.5        20.5
      Physical inactivity (%)                           70.8            67.9        71.5        66.7
      Loneliness (%)                                    53.6            48.5        47.7        50.0
      Social isolation (%)                              33.0            31.9        25.5        26.7
  Sum score measures                                                                         
      Sum score (0--8) \[mean (SD)\]                  3.6 (1.7)       3.4 (1.7)   3.5 (1.5)   3.3 (1.5)
      Absence of problems (%)                            4.0             1.6         0.8         1.7
      Multiple problems (%)                             31.2            23.8        23.8        24.4

*n*, number of observations; SD, standard deviation.

Means and standard deviations are presented for normally distributed continuous variables. Frequencies and proportions are presented for categorical variables.

The total number of 85--94-years-olds is 603. In this group, the total number of observations is 931. The number of observations may vary for some indicators, because of missing values.

For the analyses regarding the sum score measures, only 85--94-years-olds (*n*~participants~ = 377, *n*~observations~ = 549) with full data on the indicators were included.

The prevalence of the indicators is weighted to the age and sex distribution at wave 2008/09.

Trends in the individual indicators of functioning among 64--84-years-olds
--------------------------------------------------------------------------

After adjustment for age, sex and educational level, a statistically significant increasing trend in the prevalence of multimorbidity between 1992/93 and 2011/12 was observed among 64--84-years-olds \[OR(year) = 1.06, 95% CI = 1.05--1.07\] ([table 3](#ckz065-T3){ref-type="table"}; Model 2). Furthermore, the fully adjusted model showed a significant decreasing trend in cognitive impairment \[OR(year) = 0.98, 95% CI = 0.96--0.99\] among 64--84-years-olds. In this age group, the trends in physical inactivity (*P*-value~interaction~ = 0.001) and loneliness (*P*-value~interaction~ = 0.02) differed by sex. Significant decreasing trends were observed in physical inactivity and loneliness in women \[OR(year)~physical_activity~ = 0.98, 95% CI = 0.97--0.99; OR(year)~loneliness~ = 0.99, 95% CI = 0.98--1.00\], but not in men \[OR(year)~physical_activity~ = 1.00, 95% CI = 0.99--1.01; OR(year)~loneliness~ = 1.00, 95% CI = 0.99--1.01\] ([table 3](#ckz065-T3){ref-type="table"}; Model 2). After adjustment for all covariates, the trends in all other indicators were stable over time in this age group ([table 3](#ckz065-T3){ref-type="table"}; Model 2).

###### 

Trends in the prevalence of the eight indicators of functioning over time among 64--84-years-olds (1992/93--2011/12) and 85--94-years-olds (2001/02--2011/12)[^a^](#tblfn12){ref-type="table-fn"}

                                                           64--84-years-olds                                            85--94-years-olds                                                                                  
  ----------------------------------- ------------------------------------------------------------ ------------------------------------------------------------ ---------------------------------------------------------- ----------------------------------------------------------
                                                         **OR(year) (95% CI)**                                        **OR(year) (95% CI)**                                       **OR(year) (95% CI)**                                      **OR(year) (95% CI)**
  Indicators of functioning                                                                                                                                                                                                
      Multimorbidity                   1.06 (1.05--1.06)[^\*\*\*^](#tblfn13){ref-type="table-fn"}   1.06 (1.05--1.07)[^\*\*\*^](#tblfn13){ref-type="table-fn"}                      1.03 (0.99--1.08)                                          1.04 (0.99--1.08)
      Severe functional limitations     0.99 (0.98--1.00)[^\*\*^](#tblfn13){ref-type="table-fn"}                        1.00 (0.99--1.01)                        1.08 (1.02--1.13)[^\*\*^](#tblfn13){ref-type="table-fn"}   1.09 (1.03--1.14)[^\*\*^](#tblfn13){ref-type="table-fn"}
   Depression                                                     0.99                                                         1.00                                                        1.00                                                       1.01
  (0.98--1.00)                                                (0.99--1.01)                                                 (0.96--1.05)                                                (0.96--1.06)                        
      Anxiety                                              1.00 (0.99--1.01)                                            1.01 (1.00--1.02)                                                 **--**                                                     **--**
          Men                                                    **--**                                                       **--**                                                1.09 (0.98--1.23)                                          1.10 (0.98--1.23)
          Women                                                  **--**                                                       **--**                                                0.91 (0.83--1.00)                                          0.92 (0.83--1.02)
      Cognitive impairment             0.96 (0.95--0.97)[^\*\*\*^](#tblfn13){ref-type="table-fn"}   0.98 (0.96--0.99)[^\*\*\*^](#tblfn13){ref-type="table-fn"}     0.95 (0.90--0.99)[\*](#tblfn13){ref-type="table-fn"}                        0.95 (0.91--1.00)
  Indicators of functioning                                                                                                                                                                                                
      Physical inactivity                                          --                                                           --                                                  1.00 (0.95--1.06)                                          1.00 (0.95--1.06)
          Men                                              1.00 (0.99--1.01)                                            1.00 (0.99--1.01)                                                   --                                                         --
          Women                        0.98 (0.97--0.99)[^\*\*\*^](#tblfn13){ref-type="table-fn"}   0.98 (0.97--0.99)[^\*\*\*^](#tblfn13){ref-type="table-fn"}                              --                                                         --
      Loneliness                                                   --                                                           --                                                  1.00 (0.93--1.09)                                          0.98 (0.93--1.03)
          Men                                              1.00 (0.99--1.01)                                            1.00 (0.99--1.01)                                                   --                                                         --
          Women                         0.99 (0.98--0.99)[^\*\*^](#tblfn13){ref-type="table-fn"}     0.99 (0.98--1.00)[^\*\*^](#tblfn13){ref-type="table-fn"}                               --                                                         --
      Social isolation                                     1.00 (0.99--1.01)                                            0.99 (0.98--1.00)                                           0.97 (0.92--1.02)                                          0.96 (0.92--1.02)

CI, confidence interval; OR, odds ratio.

In Model 1, the trends over time are adjusted for age and sex. In Model 2, the trends over time are additionally adjusted for educational level. The sex-stratified trend analyses in 64--84-years-olds (physical inactivity and loneliness) and 85--94-years-olds (anxiety) are adjusted for age (Model 1) and additionally adjusted for educational level (Model 2).

*P* \< 0.05, ^\*\*^: *P* \< 0.01, ^\*\*\*^: *P* \< 0.001.

Trends in the individual indicators of functioning among 85--94-years-olds
--------------------------------------------------------------------------

A significant increasing trend in the prevalence of severe functional limitations between 2001/02 and 2011/12 was observed among 85--94-years-olds after adjustment for all covariates \[OR(year) = 1.09, 95% CI = 1.03--1.14\] ([table 3](#ckz065-T3){ref-type="table"}; Model 2). An age- and sex-adjusted decreasing trend in the prevalence of cognitive impairment was observed \[OR(year) = 0.95, 95% CI = 0.90--0.99\] ([table 3](#ckz065-T3){ref-type="table"}; Model 1 and [Supplementary file S1](#sup1){ref-type="supplementary-material"}). After additional adjustment for educational level, the decreasing trend in cognitive impairment was only marginally statistically significant \[OR(year) = 0.95, 95% CI = 0.91--1.00\] ([table 3](#ckz065-T3){ref-type="table"}; Model 2). In this age group, the trend in anxiety differed by sex (*P*-value~interaction~ = 0.04). An increasing and decreasing trend in anxiety was observed in men \[OR(year) = 1.10, 95% CI = 0.98--1.23\] and women \[OR(year) = 0.92, 95% CI = 0.83--1.02\], respectively, but both trends were not statistically significant ([table 3](#ckz065-T3){ref-type="table"}; Model 2). After adjustment for age, sex and educational level, the trends in all other indicators were stable over time in this age group ([table 3](#ckz065-T3){ref-type="table"}; Model 2).

Trends in the sum score measures among 64--84-years-olds
--------------------------------------------------------

The trend in average sum score differed by sex in 64--84-years-olds (*P*-value~interaction~ = 0.01). In this age group, the average sum score significantly increased between 1992/93 and 2011/12 in men \[B(year) = 0.016, 95% CI = 0.009--0.023\], but not in women \[B(year) = 0.001, 95% CI = −0.006 to 0.009\] ([table 4](#ckz065-T4){ref-type="table"}; Model 2). After adjustment for all covariates, a significant decreasing trend in the prevalence of the absence of problems was found among 64--84-years-olds \[OR(year) = 0.97, 95% CI = 0.96--0.98\] ([table 4](#ckz065-T4){ref-type="table"}; Model 2). After adjustment for age, sex and educational level, a stable trend was observed in the prevalence of 'multiple problems' in this age group \[OR(year) = 0.99, 95% CI = 0.98--1.00\] ([table 4](#ckz065-T4){ref-type="table"}; Model 2).

###### 

Trends in the sum score, prevalence of the absence of problems, and prevalence of 'multiple problems' over time among 64--84-years-olds (1992/93--2011/12) and 85--94-years-olds (2001/02--2011/12)[^a^](#tblfn15){ref-type="table-fn"}^,^[^b^](#tblfn16){ref-type="table-fn"}

                                             Sum score (range = 0--8)                                 Absence of problems (sum score = 0)                         Multiple problems (sum score ≥5)
  ----------------------- --------------------------------------------------------------- ------------------------------------------------------------ ------------------------------------------------------
  **64--84-years-olds**                                                                                                                                
                                               **B(year) (95% CI)**                                          **OR(year) (95% CI)**                                     **OR(year) (95% CI)**
  Model 1                                               --                                 0.98 (0.97--0.99)[^\*\*\*^](#tblfn17){ref-type="table-fn"}   0.98 (0.97--1.00)[\*](#tblfn17){ref-type="table-fn"}
      Men                  0.012 (0.006--0.019)[^\*\*\*^](#tblfn17){ref-type="table-fn"}                               --                                                        --
      Women                                   --0.004 (−0.011--0.003)                                                  --                                                        --
  Model 2                                               --                                 0.97 (0.96--0.98)[^\*\*\*^](#tblfn17){ref-type="table-fn"}                    0.99 (0.98--1.00)
      Men                  0.016 (0.009--0.023)[^\*\*\*^](#tblfn17){ref-type="table-fn"}                               --                                                        --
      Women                                    0.001 (−0.006--0.009)                                                   --                                                        --
  **85--94-years-olds**                                                                                                                                
  Model 1                                               --                                                     0.85 (0.69--1.04)                                         0.98 (0.93--1.04)
      Men                     0.059 (0.003--0.115)[\*](#tblfn17){ref-type="table-fn"}                                  --                                                        --
      Women                                   −0.030 (−0.075--0.015)                                                   --                                                        --
  Model 2                                               --                                                     0.84 (0.68--1.04)                                         1.05 (0.96--1.16)
      Men                     0.060 (0.004--0.116)[\*](#tblfn17){ref-type="table-fn"}                                  --                                                        --
      Women                                   −0.021 (−0.066--0.023)                                                   --                                                        --

B, unstandardized regression coefficient; CI, confidence interval; OR, odds ratio.

For these analyses, only 64--84-years-olds (*n*~participants~ = 3539, *n*~observations~ = 9264) and 85--94-years-olds (*n*~participants~ = 377, *n*~observations~ = 549) with full data on the indicators were included.

In Model 1, the trends over time are adjusted for age and sex. In Model 2, the trends over time are additionally adjusted for educational level. The sex-stratified trend analyses in 64--84 and 85--94-years-olds (sum score measure) are adjusted for age (Model 1) and additionally adjusted for educational level (Model 2).

*P* \< 0.05, ^\*\*\*^: *P* \< 0.001.

Trends in the sum score measures among 85--94-years-olds
--------------------------------------------------------

The trend in average sum score differed by sex in 85--94-years-olds (*P*-value~interaction~ = 0.01). In this age group, the average sum score significantly increased between 2001/02 and 2011/12 in men \[B(year) = 0.060, 95% CI = 0.004--0.116\], but not in women \[B(year) = −0.021, 95% CI = −0.066 to 0.023\] ([table 4](#ckz065-T4){ref-type="table"}; Model 2). The fully adjusted models showed stable trends in the prevalence of absence of problems \[OR(year) = 0.84, 95% CI = 0.68--1.04\] and 'multiple problems' \[OR(year) = 1.05, 95% CI = 0.96--1.16\] among 85--94-years-olds ([table 4](#ckz065-T4){ref-type="table"}; Model 2).

Sensitivity analyses
--------------------

The sensitivity analyses, in which the trends in multimorbidity, severe functional limitations and depression were examined among 64--84 and 85--94-years-olds, while excluding those of which data were collected using telephone interviews, revealed similar results as observed in the main analyses, except regarding one finding. A decreasing trend in the prevalence rate of severe functional limitations among 64--84-years-olds was observed (OR = 0.98, 95% CI = 0.97--0.99), which remained statistically significant in the fully adjusted model (OR = 0.99, 95% CI = 0.98--1.00).

Discussion
==========

This study examined trends in multiple indicators of functioning among Dutch older adults. The findings show that the prevalence of multimorbidity increased over time among 64--84-years-olds. However, the prevalence of all other indicators decreased or remained stable over time. In the 85--94-years-olds, the prevalence of severe functional limitations increased over time, whereas the prevalence of all other indicators remained stable over time. In both age groups, the prevalence of 'multiple problems' remained stable over time.

The increasing trend in the prevalence rate of multimorbidity among 64--84-years-olds could be interpreted as a negative trend. However, it should be noted that the increased prevalence rate of multimorbidity over time is related to significant improvements in medical care and diagnostic tools.[@ckz065-B6]^,^[@ckz065-B10] Due to improvements in medical care, older adults, in particular those with two or more fatal chronic diseases, live longer on average. In addition, more screening and better diagnostic tools enable earlier diagnoses of diseases. Consequently, the prevalence of multimorbidity can be expected to increase over time.[@ckz065-B6]^,^[@ckz065-B19]

The results were suggestive of a decreasing trend in the prevalence of severe functional limitations between 1992/93 and 2011/12 among 64--84-years-olds, whereas an increasing trend in severe functional limitations was found among 85--94-years-olds between 2001/02 and 2011/12. These findings suggest that there might be a postponement of severe functional limitations into older ages. This is in line with a previous Dutch study by Bruggink et al.[@ckz065-B40], who used nation-wide registry data from Statistics Netherlands.

The stable and unfavorable trends observed in 64--84 and 85--94-years-olds imply a relative increase in the need for care. Given that the absolute number of older adults will increase in the next decades, these findings suggest an increasing demand for professional and informal care in the near future. Although the findings of this study show that the prevalence of most indicators of functioning decreased or remained stable over time in both age groups, the findings also suggest that there remains substantial room for improvements. The prevalence of some indicators is high in absolute terms. For instance, still a third of the 64--84-years-olds suffer from loneliness and two-thirds of the 85--94-years-olds have a physically inactive lifestyle. Implementation of effective interventions on loneliness and physical inactivity in older adults therefore remains urgent.

Ideally, it would be best to use a multiple cross-sectional design for trend studies, as data can be analyzed from independent samples at each individual measurement wave, without data from the same individuals at different measurement waves. However, LASA is the only data-source in the Netherlands that enables to examine trends in the eight indicators of interest among older adults across a time frame of 20 years. Strength of this study is that all data were collected using the same standardized procedures and set of measurements during the full study period, offering good conditions for trend research.

Some limitations have to be acknowledged as well. In this study, the number of 85--94-years-olds was fairly small and, consequently, the stratified analyses in this age group may have led to trend estimates with only limited precision. Furthermore, participants in the telephone interviews could not be included in the analyses regarding the sum score measures, because they had no full data available on all indicators. However, the findings of the sensitivity analyses suggest that excluding participants of which data were collected using telephone interviews did not substantially change the results.

Future studies could focus on factors that possibly explain the observed trends over time, such as lifestyle and individual-level socio-economic position. Future trend research on multiple indicators of functioning is also needed across different countries to place the current results in an international context.
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Key pointsThis study extends previous research by examining trends in multiple indicators of functioning, including problems in physical, cognitive, mental and social functioning, among older adults assessed simultaneously over time in the Netherlands.In the 64--84-years-olds, the prevalence of multimorbidity increased over time, whereas the prevalence of the other indicators decreased \[i.e. cognitive impairment, physical inactivity (in women) and loneliness (in women)\] or remained stable \[i.e. severe functional limitations, depression, anxiety, physical inactivity (in men), loneliness (in men) and social isolation\].In the 85--94-years-olds, the prevalence of severe functional limitations increased over time, whereas the prevalence of the other indicators remained stable.In both age groups, the prevalence of 'multiple problems' (i.e. having ≥5 out of 8 problems) remained stable over time.Given that the absolute number of older adults will increase in the next decades, these findings suggest an increasing demand for professional and informal care in the near future.
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